Like tea, the leaves of Turkish thyme (Thymus vulgaris) can be boiled in water to produce an extract. This is widely used as syrup for the treatment of coughs and bronchitis at alternative medicine clinics in many parts of the world. In the current study, we assessed the phenolic content and antioxidant activity of thyme. The antioxidant activities of both ethanol and aqueous extracts of thyme were determined using various in vitro methods. The total phenolic and total flavonoid contents were determined to be a gallic acid equivalent and a quercetin equivalent, respectively. Finally, the quantities of the phenolic compounds were detected using high-performance liquid chromatography and tandem mass spectrometry. The total phenolic compounds in the aqueous extract and ethanol extracts of Turkish thyme were 256.0 μg gallic acid equivalent/mg dried extract and 158.0 μg gallic acid equivalent/mg dried extract, respectively. Conversely, the total flavonoid compounds in both extracts were 44.2 μg and 36.6 μg quercetin equivalent/mg dried extract, respectively. For the first time, we determined phenolic contents and investigated the antioxidant potential of thyme. The results indicate that Turkish thyme is a good dietary source with phenolic properties.
Introduction
Free radicals are atomic or molecular structures with unpaired electrons. Free radicals have an important role in food, pharmacological, and biological processes, as well as in a variety of pathophysiological conditions. [1, 2] However, they can also oxidize biomolecules that contain amino acids, proteins, carbohydrates, lipids, and nucleic acids. [3, 4] Free radicals are implicated in the progression of a variety of disorders in humans, including tissue damage, cell death, cancer, central nervous system injury, ageing, arthritis, atherosclerosis, cardiovascular diseases, ischemic heart diseases, obesity, neural disorders, inflammation, gastritis, and reperfusion injuries of many tissues. [5, 6] Conversely, antioxidants protect living organisms against the oxidative damage of free radicals. They can inhibit the effect of oxidants by donating hydrogen atoms or by chelating metals. [7, 8] Antioxidant compounds may be endogenous or exogenous. Exogenous antioxidants must be taken through dietary means to supplement the endogenous ones. Exogenous antioxidants are classified as either deriving from a natural or a synthetic group. There is an increasing interest in the development of natural antioxidants because of concerns related to
Preparation of WETT and EETT
The preparation of water and ethanol exactions was described in detail previously. [18] [19] [20] Briefly, we prepared WET by mixing 50 g of air-dried Turkish thyme leaves with 400 mL of distilled water. This mixture was boiled and stirred for 10 min, and the extract was filtered, frozen, and lyophilized in a lyophilizer (Labconco, Freezone 1 L, 5 mm Hg, -50°C). The lyophilized powder was stored at -30°C until analysis. We prepared EETT by mixing 50 g of air-dried Turkish thyme leaves with 400 mL of ethanol solution. This mixture was stirred for 10 min, and the extract was filtered through filter paper. The filtrates were evaporated with a rotary evaporator. The evaporated sample was stored at -30°C until use.
Determination of total phenolic content by the Folin-Ciocalteu assay
The total phenolic contents of WETT and EETT were assessed using the Folin-Ciocalteu method, [21] as previously described. [22] Initial stock solutions of WETT and EETT at 1 mg/mL were prepared.
Absorbance (λ 760 ) = 0.0021x Total phenols (gallic acid equivalent [GAE; μg])
The content of total phenolics in WETT and EETT was calculated by employing this graph (R 2 : 0.9706), which was prepared using gallic acid and expressed as micrograms of GAE.
Determination of total flavonoid contents
The total flavonoid contents of WETT and EETT were estimated by a colorimetric assay, which was described in previous studies. [23, 24] A quercetin calibration curve was prepared, and the quantity of flavonoid was determined using the linear regression equation that was obtained from the calibration curve. Finally, the results were calculated as quercetin equivalents (QEs) per mg extract.
Absorbance (λ 415 ) = 0.0127x Total phenols (QE[μg]) + 0.0475
The contents of total flavonoid in WETT and EETT were calculated by using the graph, which was prepared using quercetin and calculated as QE micrograms.
LC-MS/MS studies
Preparation of the test solution for LC-MS/MS and of the instruments and chromatographic conditions were performed as previously described. [24] The samples in the auto sampler were stored at 15°C during the experiment. The experiments were performed with a Zivak ® HPLC and Zivak ® Tandem Gold Triple quadruple mass spectrometer, which was equipped with a Macherey-Nagel Nucleoder C18 gravity column (125 × 2 mm i.d., 5 µm particle size). The mobile phase was composed of methanol (A, 0.5% formic acid) in water (B, 0.5% formic acid). The gradient program was 0-1.00 min at 50% A and 50% B, 1.01-30.00 min at 100% A, and finally 30.01-35.00 min at 50% A and 50% B. The flow rate of the mobile phase was 0.3 mL/min, and the column temperature was set to 30°C. The injection volume was 10 µL. [6] Optimization of the HPLC method and the LC-MS/MS procedure was described previously. [25] The triple quadruple MS system has been widely used due to the stability of its fragmented ions. [26] The optimum electroscopy ionization (ESI) parameters were determined as 2.40 mTorr CID gas pressure, 5000 V ESI needle voltage, 600 V ESI shield voltage, 300°C drying gas temperature, 50°C atmospheric pressure ionization (API) housing temperature, 55 psi nebulizer gas pressure, and 40 psi drying gas pressure.
Validation, linearity, recovery, repeatability, precision
In the validation experiments of all phenolic compounds, curcumin was used as an IS. Linearity, recovery, repeatability, limit of detection (LOD) and limit of quantitation (LOQ) were used as validation parameters of the experiments. The unspiked plant extracts were also analyzed to determine the selectivity of curcumin (IS) in the blank sample, for which no peak was found. The recoveries of the reported compounds were evaluated for each fortification level. We evaluated the precision by repeating the measurements at three concentrations for each compound. The precision was determined to be good, and the results were implemented into the uncertainty budget. The LOD and LOQ of the LC-MS/MS method for the reported compounds were found to be 0.5-50 µg/L. The LOQs were determined to be 10 times higher than the S/N with respect to the indicated concentrations. [27] 
Estimation of uncertainty
The estimation of each compound's concentration in the WETT and EETT solutions was expressed as µg/L within the linear range. The concentrations of the phenolic compounds in the solution that were calculated by the calibration curve were converted to units of mg/kg of crude sample. [6] The sources and the quantification of the uncertainty for the method that was applied were evaluated and calculated using the EURACHEM/CITAC Guide, 2012, and equation three, respectively (EURACHEM/CITAC 2012). It was determined that the sources of uncertainty for the LC-MS/MS experiments were the impurity of the reference standard, the sample weighing, the calibration curve and the dilution of the solutions. For all compounds, the maximum contribution was derived from the calibration. [22] Biochemistry studies
The 1,1-diphenyl-2-picryl-hydrazyl (DPPH) scavenging capabilities of WETT and EETT were evaluated using the free radical method that was reported by Gülçin. [28, 29] This method measures the reaction of the antioxidants with stable DPPH free radicals (0.1 mM). The absorbance was measured at 517 nm against a blank sample. A decreasing absorbance correlates to DPPH free radical scavenging activity. [4, 30] The ABTS •+ radical scavenging activities of the WETT and EETT solutions were evaluated according to the method of Re et al. [30] with slight modifications. [31, 32] ABTS •+ has an intrinsic absorbance at 734 nm. The ABTS •+ cation radical developed from its reaction with ABTS (2 mM) in H 2 O and K 2 S 2 O 8 (2.45 mM) at room temperature for 12 h. The absorbance at 734 nm was measured for each sample relative to a blank. A decreased absorbance in a sample correlates to ABTS •+ cation radical scavenging activity. [33, 34] The reducing power of the ferric (Fe 3+ ) ions of both extracts was measured using Oyaizu's method [35] with slight modification. [36] The basis of this method is the reduction of (Fe 3+ ) to ferricyanide in stoichiometric excess relative to the antioxidants. In this method, the absorbance measurements of the samples were obtained at 700 nm using an ultraviolet (UV) spectrophotometer. [37] The reducing power of the cupric ions (Cu 2+ ) of WETT and EETT were determined using Apak et al., [38] with slight modifications. [39] To do so, we used an ethanolic neocuproine solution. Then, different concentrations of WETT and EETT were pipetted into test tubes. The final volume was adjusted to 2 mL with distilled water. The tubes were kept at room temperature for 30 min. Absorbance was measured at 450 nm against a reagent blank. Increasing absorbance indicated an elevated Cu 2+ reducing power. [40] The ferric thiocyanate method was used to determine the total antioxidant activity of WETT and EETT, as previously described. [32] We prepared a linoleic acid emulsion system. The mixtures were incubated at 37°C in glass flasks. The peroxide levels were recorded across temporal intervals during the incubation by measuring the absorbance at 500 nm in a spectrophotometer after the reaction with Fe 2+ and SCN − . During linoleic acid peroxidation, peroxide was formed, and ferrous ions (Fe 2+ ) were oxidized to ferric ions (Fe 3+ ). Then, Fe 3+ formed a complex with SCN − that maximally absorbed at 500 nm. [41] 
Statistical analysis
The experimental results were performed in triplicate. The data were recorded as the mean ± standard deviation and analyzed by SPSS (version 17.0 SPSS Inc.). A one-way analysis of variance (ANOVA) was performed. Significant differences between means were determined using Duncan's multiple range tests; p < 0.05 was considered significant.
Results and discussion
The antioxidant compounds that are found in plant materials have an important role in scavenging and inhibiting free radicals. [2] Radical scavenging, lipid peroxidation inhibition, and reducing power assays were used to determine the antioxidant potential of Turkish thyme. Phenolic properties are strongly related to antioxidant activities. For this reason, we quantified the amount of total phenolic and flavonoid compounds as GAE and QE, respectively. Finally, we used LC-MS/MS analysis to identify the phenolic compounds that are responsible for the antioxidant properties of WETT and EETT.
Phenolics are compounds that contain at least one hydroxyl group (-OH) that is conjugated to an aromatic ring. They exist in the aerial parts of plants, such as in flowers, leaves, seeds, fruits, stems, and roots. Increasing attention has been focused on phenolic compounds due to their attractive biological properties, such as their antioxidant and radical scavenging activities. [6, 42] The hydroxyl groups in the meta-positions of carboxyl groups (-COOH) can increase antioxidant activity more than that in the ortho-or para-positions due to the electron pushing effect of carboxyl group (-COOH) promoting H-donating ability of hydroxyl groups (-OH). Of course, ortho-substitution of -OH group with electron-donating groups like methoxy groups (-OCH 3 ) can also increase the antioxidant activity. [36] For example the -CH=CH-COOH groups in cinnamic acid can produce greater H-donating ability and subsequent antioxidant activity than the -COOH groups in benzoic acids through stabilizing the radical by resonance of -C=C-. [43] Phenolic compounds can arrest chain oxidation reactions using various mechanisms, such as via the donation of hydrogen atoms or chelation of metal ions. For this reason, they act as metal chelators, antioxidants, reducing agents, or single oxygen and H 2 O 2 decomposers. Additionally, these important plant metabolites display antioxidant properties. [44, 45] The total phenolic contents of both extracts are presented in Table 1 . The total phenolic content in EETT and WETT was 158 and 256 μg GAE/mg dried extracts, respectively. As shown in Table 1 , the total phenolic content of WETT was higher than that of EETT. Our results agree with the literature, which reports the phenolic content of another thyme species (Thymus spathulifolius) to be μg GAE/mg dried extract. [13] The high level of phenolic compounds indicates the elevated antioxidant capacity of thyme. The high phenolic content in both extracts is an important factor in the antioxidant capacities of WETT and EETT.
Flavonoids are polyphenol compounds that are widely distributed in plants, and they perform many functions. These polyphenolic compounds may also act as chemical messengers, physiological regulators, and cell cycle inhibitors. [46, 47] The amount of total flavonoids in WETT and EETT was found to be 44.2 µg QE/mg dried extract and 36.6 µg QE/mg dried extract, respectively. In addition, the total flavonoid content of WETT was observed to be higher than that of EETT (Table 1) .
According to recent reports, phenolic and flavonoid compounds have antioxidant, radical scavenging, and metal chelating properties. Several studies have indicated a positive correlation between phenolic contents and the ferric reducing powers of plant extracts. [48, 49] We quantified the levels of phenolic compounds in WETT and EETT using LC-MS/MS analysis. We found that gallic acid (5150.2 and 1801.2 mg/kg in WETT and EETT, respectively) was the most abundant phenolic compound in both WET and EET. Validation and uncertainty parameters were determined in a previous study. [6] The effective antioxidant and antiradical activities of WETT and EETT might be due to their elevated levels of phenolic compounds. Additionally, we also observed both pyrogallol and ferulic acids as being the most abundant compounds in WETT and EETT ( Table 2 , Figures 1 and 2) . Plant materials include many phenolic compounds that contain hydroxyl groups (-OH) conjugated to aromatic rings. [50] These phenolic compounds block chain oxidation reactions by chelating metals or donating hydrogen atoms. Therefore, these plant metabolites act as reducing agents, metal chelators, singlet oxygen quenchers, and antioxidants. Many studies have shown that the phenolic contents of plants display some antioxidant properties. [44, 51] Free radicals or ionic radicals are highly reactive species that are responsible for many cell disorders due to their effects on proteins, lipids, and DNA. [52, 53] The radical scavenging activity of a compound indicates its antioxidant activity and ability to inhibit the initiation of an oxidation chain. DPPH and ABTS assays have been widely used to determine the radical scavenging activity of a compound. [25, 54] Chromatogram of EETT Chromatogram of WETT The DPPH free radical scavenging activities of WETT, EETT, and positive antioxidants, such as buthylated hydroxyansole (BHA), buthylated hydroxytoluene (BHT), and Trolox ® , were investigated. Additionally, we determined the IC 50 values (i.e., the effective concentration of standard or sample at which DPPH radicals were reduced by 50%) of both extracts and standards. The results are summarized in Table 3 . The IC 50 values of DPPH scavenging of both extracts and standard antioxidants decreased. BHT (31.2 µg/mL; R 2 : 0.8810) decreased more than α-tocopherol (13.6 µg/ mL; R 2 : 0.8453), which decreased at a similar rate as WETT (13.4 µg/mL; R 2 : 0.9255), BHA (12.9 µg/ mL; R 2 : 0.9801), and Trolox ® (12.7 µg/mL; R 2 : 0.9343), which decreased more than EETT (12.1 µg/ mL; R 2 : 9656). The lower IC 50 values reflect an elevated DPPH radical scavenging effect. It was observed that EETT had the most effective DPPH radical scavenging activity when compared to the other samples. The results indicated that both WETT and EETT have effective DPPH radical scavenging activities (Table 3) .
We also used an ABTS radical cation decolorization assay to detect radical scavenging activity. In this assay, WETT and EETT demonstrated a similar reduction in free radicals when compared to those obtained in the DPPH reaction. The IC 50 values of the ABTS radical scavenging of WETT, EETT, and standard antioxidants decreased such that EETT (54.08 µg/mL; R 2 : 0.9914) decreased more than WETT (40.03 µg/mL; R 2 : 0.9246), which decreased more than BHT (7.11 µg/mL; R 2 : 0.8426), which decreased more than α-Tocopherol (16.6 µg/mL; R 2 : 0.9546), which decreased more than Trolox ® (6.11 µg/mL; R 2 : 0.8972), which decreased more than BHA (4.95 µg/mL; R 2 : 0.9990). Our results indicated that the ABTS cation radical scavenging activity of WETT was greater than that of EETT. Nevertheless, the antioxidant activities of these two extracts were lower than that of all the standard antioxidants ( Table 3 ).
The reduction capacity of an agent indicates its antioxidant potential. Antioxidant compounds give electrons to reactive species, thereby improving the stability of or reducing the compound. [55] Plants can contain several reducing agents, which can react with free radicals to stabilize and terminate radical chain reactions. [56, 57] In this study, we investigated the reducing powers of WETT and EETT by both the FRAP and CUPRAC assays.
Antioxidant compounds induce the reduction of the Fe 3+ /ferricyanide complex to its ferrous (Fe 2+ /ferricyanide) form due to their reductive properties. [8, 58] As shown in Table 4 , the ferric reducing powers increased with an increasing concentration of both WETT and EETT, which was similar to the pattern in the standard antioxidants. The reducing powers of the 10 µg/mL extracts and the standard antioxidants were observed to decrease such that BHA (2.081, R 2 : 0.8593) was similar to WETT (2.021, R 2 : 0.8780), which was greater than EETT (1.888, R 2 : 0.9656), which was similar to Trolox ® (1.861, R 2 : 0.9991), which was greater than BHT (1.657, R 2 : 0.9408), which was greater than α-Tocopherol (1.465, R 2 : 0.9993).
Additionally, similarly to many researchers, [38, 59] we used the CUPRAC method to assess the reducing power of the compounds. This method is based on the reduction of Cu 2+ -Cu + by antioxidants in the presence of neocuproine. In this assay, a higher absorbance indicates a higher [24] cupric ion (Cu 2+ ) reducing power. The cupric ion reducing powers of 10 µg/mL of WETT, EETT, and the standard compounds decreased such that BHT (0.668, R 2 : 0.9085) decreased more than BHA (0. 565, R 2 : 0.8046), which decreased more than EETT (0.518, R 2 : 0.9489), which decreased more than Trolox ® (0.457, R 2 : 0.9655), which decreased more than α-Tocopherol (0.422, R 2 : 0.9666), which decreased more than WETT (0.400, R 2 : 0.8699; Table 4 ).
The reduction of ferric ion (Fe 3+ ) and of cupric ion (Cu 2+ ) is often used as an indicator of electron-donating activity, which is an important mechanism of phenolic antioxidant action. [59] [60] [61] Therefore, an increasing reduction power of a sample indicates its increasing antioxidant potential. According to our study, the ferric reducing power of WETT was greater than that of EET, while the cupric ion reducing power of WETT was lower than that of EETT. As shown in Table 4 , the ferric and cupric reducing powers of the extracts increased with their increasing concentrations.
The total antioxidant activities of WETT and EETT were determined by using the ferric thiocyanate method. [61] [62] [63] A linoleic acid mixture that did not contain WETT, EETT, or standard antioxidants was used as control. The percentage of inhibition was calculated at 48 h after the greatest level of absorbance of the control. [64] The percentage of inhibition of lipid peroxidation in the linoleic acid emulsion system was calculated by the following equation: [65] [66] [67] Inhibition of lipid peroxidation
The inhibition levels of lipid peroxidation in the linoleic acid emulsions of WETT, EETT, and the standard antioxidants are shown in Table 4 . The amount of inhibition increased with increasing concentrations of both extracts (10 and 20 µg/mL). The inhibition effect of the linoleic acid emulsion peroxidation of WETT, EETT, and the standard antioxidants after 48 h of maximal control absorbance decreased such that the decrease in BHA (83.3%) was either less than or similar to the decrease in BHT (82.1%), which either decreased or was similar to the decrease in Trolox ® (81.3%), which decreased more than α-Tocopherol (68.1%), which decreased more than EETT (64.4), which decreased more than WETT (51.7).
Conclusion
In conclusion, we confirmed that both WETT and EETT exhibit good antioxidant ability on DPPH and ABTS radical scavenging activity, reducing power, inhibition of linoleic acid peroxidation and ferric and cupric ion reducing capacity. The antioxidant and antiradical activities of WETT were observed to be greater than those of EETT in FRAP, DPPH, and ABTS assays. The total phenolic and Table 4 . The total antioxidant activity, as measured using the thiocyanate method; the reducing ability, as measured using the Fe 3+ -Fe 2+ transformation method; and the Cu 2+ reducing ability, as measured using the CUPRAC method, of WETT, EETT, and standard compounds, including BHA, BHT, α-tocopherol, and Trolox at the same concentrations. WETT: lyophilized water extract of thyme (Thymus vulgaris); EETT: ethanol extract of thyme (Thymus vulgaris); BHA: butylated hydroxyanisole; BHT: butylated hydroxytoluene. *The values are expressed as absorbance. A high absorbance indicates a high reducing power capacity. ψ Percentage of inhibitory effect of 10 µg/mL concentration of WETT, EETT, and standard antioxidant molecules on linoleic acid emulsion peroxidation, as determined by the thiocyanate method.
φ From Gülçin et al. [27] flavonoid content in WETT was found to be higher than that of EETT, which is consistent with previous reports. Conversely, the inhibition of the lipid peroxidation of EETT in the linoleic acid emulsion system was found to be greater than that of WETT, which is inconsistent with previous reports. Additionally, we used LC-MS/MS to quantify the amount of phenolic compounds in WETT and EETT. We observed that gallic acid (5150.2 and 1801.2 mg/kg in WETT and EETT, respectively) was the most abundant phenolic compound in WETT and EETT. The effective antioxidant and antiradical activities of Turkish thyme might be due to its elevated concentrations of phenolic compounds. Additionally, pyrogallol and ferulic acid appear as the most abundant compounds in WETT and EETT. The quantity of syringic acid, α-tocopherol, and catechol were below the limits of quantification and were not determined by LC-CS/MS.
